The adulteration of high priced oils such as patchouli oil with lower price ones is motivated to gain the economical profits. The aim of this study was to use FTIR spectroscopy combined with chemometrics for the authentication of patchouli oil (PaO) in the mixtures with Castor Oil (CO) and Palm Oil (PO). The FTIR spectra of PaO and various vegetable oils were scanned at mid infrared region (4000-650 cm -1 ), and were subjected to principal component analysis (PCA). Quantitative analysis of PaO adulterated with CO and PO were carried out with multivariate calibration of Partial Least Square (PLS) regression. Based on PCA, PaO has the close similarity to CO and PO. From the optimization results, FTIR normal spectra in the combined wavenumbers of 1200-1000 and 3100-2900 cm -1 were chosen to quantify PaO in PO with coefficient of determination (R 2 ) value of 0.9856 and root mean square error of calibration (RMSEC) of 4.57% in calibration model. In addition, R 2 and root mean square error of prediction (RMSEP) values of 0.9984 and 1.79% were obtained during validation, respectively. The normal spectra in the wavenumbers region of 1200-1000 cm -1 were preferred to quantify PaO in CO with R 2 value of 0.9816 and RMSEC of 6.89% in calibration, while in validation model, the R 2 value of 0.9974 and RMSEP of 2.57% were obtained. Discriminant analysis was also successfully used for classification of PaO and PaO adulterated with PO and CO without misclassification observed. The combination of FTIR spectroscopy and chemometrics provided an appropriate model for authentication study of PaO adulterated with PO and CO.
■ INTRODUCTION
Patchouli Oil (PaO) is an essential oil obtained from dried and fermented young leaves of Pogostemon cablin (Blanco) Benth, a perennial herb belonging to family Lamiacae and widely distributed in regions of tropical and subtropical, prior to be subjected to steam distillation. The yield of oil is typically 2-3% [1] . The oil is an important natural material used in the industries of perfumery, food, and has been historically used to repel clothes moths and as a cold treatment in Asia [2] . The major component composed of PaO is patchouli alcohol, a natural tricyclic sesquiterpene isolated from volatile oil of PaO. Patchouli Oil has been reported to have some biological activities such as anti-inflammatory [3] , anti-oxidative [4] , antitumor [5] , antibacteria, antifungus and antivirus [6] [7] [8] , as well as as whitening agent [9] . The oil has high priced value in oil industry, therefore, PaO is subjected to be adulterated with other oils to gain economical profit.
The adulteration practice of essential oils is an emerging issue currently, not only for consumers but also for producers and regulatory bodies [10] . This practice included the addition of cheaper essential oils, addition of vegetable oils such as castor oil and palm oils to increase the weight of essential oils and total or partial substitution of the original plant sources by other plants [11] . In order to assure quality, safety, and the authenticity of essential oils, different analytical techniques are needed. As a consequence, several analytical methods have been reported for the authentication of essential oils including organoleptic, physical, chemical, spectroscopic and chromatographic-based methods [12] [13] [14] [15] . Fourier Transform Infrared (FTIR) spectroscopy is promising technique for authentication of essential oils due to its property as fingerprint analytical technique [16] . The fingerprinting analysis of essential oils represented qualitative approach to plant species authentication as well as quality evaluation [17] .
FTIR spectroscopy in combination with chemometrics techniques have been reported for authentication of four essential oils namely wintergreen, rosemary, tea tree, and lemon eucalyptus oils adulterated with either lemongrass essential oil or peppermint essential oil [18] , authentication of origano, thyme, and chamomile [18] , geographical origin of lavandin var. Grosso essential oils [19] , and authentication of camellia oil [20] . Few studies have been reported the authentication of patchouli oil, especially using FTIR spectroscopy. Therefore, this study was intended to use FTIR spectroscopy in combination with chemometrics of multivariate calibration of Partial Least Square (PLS) and Discriminant Analysis (DA) for the authentication of patchouli oil.
■ EXPERIMENTAL SECTION

Materials
Patchouli oil was purchased from CV. Surya Wulan (Yogyakarta, Indonesia). Olive oil, palm oil, castor oil and other oils used in this study were purchased from supermarkets around Yogyakarta, Indonesia. The solvents and reagents used were of pro-analytical grade and were purchased from Merck (Darmstadt, Germany).
Procedure
Compositional analysis of patchouli oil
The compositional analysis of patchouli oil was performed using gas chromatography-mass spectrometry (GC-MS). Patchouli oil (1 µL) was injected into Gas Chromatography GC-2014 (Shimadzu GC-2010, Shimadzu Corp., Tokyo, Japan) under the following conditions: DB-5 capillary column (30 m × 0.25 mm I.D. and 0.25 µm tickness; Agilents, Tokyo, Japan); carrier gas of He with 12.0 kPa with flow rate of 50 mL/min; a column temperature was set from 50-240 °C with rate of 5 °C/min, and the temperature was hold at 240 °C for 19 min; injection temperature of 250 °C; detection temperature of 320 °C. Helium was used as the carrier gas. GC-mass spectrometry (GC-MS) data were collected with a GCMS-QP 2010 (Shimadzu, Japan) under the following conditions: DB-1 capillary column (30 m × 0.25 mm I.D. and 0.25 µm; GL Sciences, Tokyo, Japan); column temperature from 50 °C (1 min) to 320 °C at 5 °C/min; injector temperature of 260 °C with split ratio of 1:50; MS detector temperature was set of 320 °C with acquisition mass range of 40-500 amu. Components were identified using the comparison of the experimental GCMS data with authentic compounds or the NIST MS library. Quantification of volatile compounds was determined using relative percentage, known as internal normalization technique.
Quantitative analysis of patchouli oil using FTIR spectroscopy
For quantitative analysis of patchouli oil (PaO) in the mixture with castor oil (CO) and palm oil (PO), a set of 21 calibration samples consisting of PaO-CO and PaO-PO in certain concentration covering 1.0-50.0% (v/v) was prepared. Another independent samples called with validation samples were also prepared. All samples were scanned using FTIR spectrophotometer.
Classification of PaO and PaO adulterated with CO and PO
Classification of PaO and PaO adulterated with CO and PO was carried out using discriminant analysis by preparing at concentration range of 1-50% of CO and PO. All pure PaO and PaO mixed with CO and PO were assigned as "unadulterated" and "adulterated", respectively.
A c c e p t e d
FTIR spectra measurement FTIR spectra of were measured using FTIR spectrophotometer Nicolet 6700 equipped with detector of deuterated triglycine sulphate (DTGS) and beam splitter of KBr/Germanium. This instrument was interfaced to computer operating systems which include OMNIC operating system (Version 7.0 Thermo Nicolet) software. The sampling compartment was horizontal Attenuated Total Reflectance kit composed of ZnSe crystal. All FTIR spectra of tested samples were scanned at wavenumbers of 4000-650 cm -1 ), using 32 scans with 4 cm -1 resolution. These spectra were recorded as absorbance mode at each data point in triplicate.
Data analyses
The software of TQ Analyst TM version 6 was used for the treatment of multivariate calibration of Partial Least Square (PLS) and Discriminant Analysis (DA). The spectral regions where the variations were observed were chosen during analysis (PLS and DA). In addition, Minitab software version 17 was used for principal component analysis (PCA).
■ RESULTS AND DISCUSSION
Each edible fats and oils are mainly composed from triglycerides (nearly 98%) along with some minor components including sterols, tocopherols, lipid-soluble vitamins, and other components in trace levels. The characterization of patchouli oil (PaO) was performed by determining volatile components present using Gas Chromatography-Mass Spectrometer (GC-MS), while palm and castor oils were characterized based on fatty acid composition. Table 1 revealed the volatile components in PaO, in which Patchouli alcohol was the main components accounting of 15.80%. The levels of volatile components were comparable with those reported by Akhila and Tewari [2] . Therefore, it can be concluded that the used PaO was not previously mixed with other components.
In order to decide the oil models used as adulterant in PaO, principal component analysis (PCA) was used. Fig. 1 showed PCA score plot using absorbance values at whole mid infrared region (4000-650 cm -1 ) as variables, representing the projection of samples defined by the first 
A c c e p t e d
Principle Component (PC 1) and the second Principle Component (PC 2). Among studied oils having low price values in the market, castor oil and palm oil had close similarity with PaO, therefore both oils were preferred as oil adulterants in PaO.
Quantitative Analysis of Adulterants in Patchouli Oil
In this study, authentication of PaO was carried out by quantifying PaO in the binary mixture with castor oil and palm oil using multivariate calibration and classifying PaO and PaO mixed with castor oil and palm oil using discriminant analysis using absorbance values at selected wavenumbers. Fig. 2 revealed FTIR spectra of patchouli Table 2 . The variation in FTIR spectra existed in PaO, CO and PO was exploited for selecting wavenumbers region used for quantitative and classification analyses. Quantitative analysis of PaO in palm oil and castor oil was facilitated with the commonly used of multivariate calibration, namely Partial Least Square (PLS) regression. This regression was based on inverse regression in which concentration in y-axis was modelled using predictors of principle components, a linear combination of absorbance values in x-axis [21] . To get the optimum prediction, the optimization process in terms of selection of wavenumbers and FTIR spectral treatments offering best prediction models was performed. The wavenumbers selected to be optimized was based on the variation existed between PaO and oil adulterants (CO and PO). Table 3 revealed the optimization results using different wavenumbers regions and FTIR spectral treatments. Because of its highest values of R 2 and lowest values of RMSEC and RMSEP, PaO in palm oil was quantified using normal spectra using variables of absorbance values at combined wavenumbers region of 1200-1000 cm -1 .
Similarly, Table 4 exhibited the results of quantification of PaO in castor oils using PLS regression with different wavenumbers and FTIR spectra models. Fig. 3 showed PLS regression models for the relationship between actual values of PaO (x-axis) and FTIR predicted values (y-axis) in either calibration or validation using wavenumbers region of 1200-1000 cm -1 . The equations obtained were y = 0.9636x + 1.8435 (R 2 of 0.9738) in calibration, and y = 0.9414x + 2.9902 (R² = 0.9984) in validation models, respectively. Residual analyses revealed that the difference between actual and predicted values fallen near zero, indicating that systematic errors were negligible. In order to classify patchouli oil and that adulterated with castor oil and palm oil, discriminant analysis was used. DA is one of supervised pattern recognition technique [21] . The Mahalanobis distance using absorbancies at wavenumbers of 3933-717 cm -1 were used as variables during classification of pure oil and that adulterated with DA. Fig. 4 revealed the Cooman's plot for classification results. DA can successfully classified patchouli oil and that adulterated with castor oil [A] and that adulterated with palm oil [B] with 100% accuracy level. Misclassification may accord if variables A c c e p t e d used were not appropriate or the studied oils (authentic and adulterated oils) had very close similarity [22] . This indicated that DA was an effective tools for classification of oils for authentication purposes.
■ CONCLUSION
FTIR spectroscopy in combination with chemometrics of PLS regression and DA using certain wavenumbers region has been successfully used for authentication of patchouli oil from castor oil and palm oil. The developed method was rapid, ease in sample preparation, and not involving excessive solvents and reagents.
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